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1. Introduction 
During the last few years reports have indicated 
that the core particles of nucleosomes, which are 
complexes of DNA -140 basepairs in length with a 
histone octamer (H4 + H3 + H2A + H2B) X 2 (reviews 
[I ,2]) are heterogeneous in regard to their protein 
content. Strong evidence for the heterogeneity of the 
histone octamer was the discovery of the histone 
variants [3,4]. Analysis of histone composition in 
the nucleosomes of somatic cells performed using 
two-dimensional electrophoresis has shown that all 
the histone variants discovered previously are present 
in the nucleosomes [S]. The functional meaning of 
nucleosome heterogeneity is currently discussed in 
connection with chromatin structural modulations 
which are thought to be involved in differential gene 
activity [ 1,251. 
As is weti known, the genome of sperm cell is 
completely switched off. The chromatin of sea urchin 
sperm has been shown to have the typical nucleosomal 
organization [6-81. Here we report that in sea urchin 
sperm chromatin the core particles of the nucleosomes 
are heterogeneous in respect to their protein composi- 
tion, which indicates that structural differentiation 
occurs in chromatin even when gene activity is com- 
pletely suppressed. 
2. Materials and methods 
Sperm cells of the sea urchins, ~~~Q~~~u~e~~~~r~s 
intermedius and Scaphechinus mirabilis were used. 
Collection of sperm, isolation of nuclei, and total 
histone extraction have been described [9]. Digestion 
of the nuclei with micrococcal nuclease and prepara- 
tion of the nucleosomes were as in [S]. Briefly the 
40 
nuclei at 20As6e/ml were digested with micrococcal 
nuciease Worthington, USA) at 30 units~mg DNA 
for 15 min at 37°C. 
The reaction mixture was chilled on ice to stop the 
digestion. The samples were centrifuged at 6000 rev./ 
mm for 2 mm and the supernatant was discarded. The 
nuclear pellet was lysed in buffer containing 5 mM 
Tris-HCI, 2 mM EDTA, 0.1 mM phenylme~ylsulfo- 
nylfluoride (pH 7.5). After 20 min the samples were 
centrifuged for 10 mm at 6000 rev./min. The super- 
natant contained the soluble chromatin fragments. 
The chromatin fragments were separated on 5% 
polyac~iamide gels in 10 mM Tris-borate (pH 8.3) 
containing 1 mM EDTA as in [lo]. Electrophoresis 
in the second dimension was done as in [S]. Electro- 
phoresis of the histones was according to [ 111. 
3. Results and discussion 
Histone H2B from sea urchin sperm differs signifi- 
cantly from its counterparts from other sources and is 
represented by l-3 subfractions according to the 
species from which the protein originates [9,12,13]. 
Fig.1 shows electrophoretograms of total histone 
from the sperm of Str. intermedius and SC. mirabilis 
in which histone H2B consists of 2 and 3 electropho- 
retie subfractions, respectively. 
It is important to know whether all the variants of 
histone H2B are present in the nucleosomes of the 
genetically inactive chromatin of sperm cells. To 
answer this question the protein composition of the 
nucleosomes was determined using two-dimensional 
electrophoresis. 
Chromatin fragments resulting from digestion of 
nuclei with micrococcal nuclease were separated on 
5% polyacrylamide gel (fig.2,I). The bands corre- 
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Fig.1. Polyacrylamide gel electrophoresis of histones from 
sperm of the seaurchins: (A) Strongylocentrotus intermedius; 
(B) Sca~hec~zj~zus ~z~~a~i~is. El~ctroplloresis was according to 
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sponding to the core particles (MN-Hl), to the com- 
plete mononuclcosomes (MN + Hl), to the dinucleo- 
somes (DN) and so on are seen on the electrophore- 
grams in the first dimension. 
Second dimension electrophoresis hows that all 
the variants of the histone H2B are contained in each 
type of chromatin fragment, that is in oligo-, tri-, di- 
and mononucleosomes including the core particles 
(fig.2,II). 
A nucleosome core contains 2 molecules of each 
‘smalI’ histone - (H4 + H3 + H2A + H2B) X 2. In 
accordance with these results, 2 types of histone H2B 
combination within a nucleosome are possible: pres- 
ence in the same nucleosome of 2 identical or 2 dif- 
ferent H2B molecules. In the first case the number of 
nucleosomal types differing in histone H2B will be 
equal to the number of H2B subfractions, that is 2 or 
3 for the sea urchin species studied here. In the alter- 
native case when a nucleosome contains different sub- 
fractions of histone H2B, 3 combinations may exist 
in chromatin from sperm of SC. mirabilis [(H2Bl, [III. 
A B 
3 
H2B 2 
? 
Fig.2 Twodimensional electrophoresis of the nucleosomes from the sperm of the sea urchins: (A) Srr~ngy~o~e~~o~s interme- 
dim: (B,C) Scuphechinus mirubilis. (I) First dimension; low-ionic-strength electrophoresis of the chromatin fragments on 5% 
polyacrylam~de gel; (II) second dimension, separation of the proteins contained in the nucleosomes on SDS-.polya~rylamide gel 
[ II]; DN, dinucleosomes; MN, mononucleosomes. (C) Photograph and enlarged schematic representation of region of the gel 
included in the square to show the shift of H2B subfractions. 
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H2B2), (H2B1, HZB3) and (H2B2, H2B3)] and one 
combination (H2B1, H2B2) in sperm chromatin of 
Str. intmnedius. At the same time in the latter along 
with nucleosomes containing different H2B molecules, 
nucleosomes with identical H2B subfractions, present 
in redundancy, should occur in sperm chromatin. 
The nucleosomes containing various combinations 
of histone H2B subfractions differ too little to be 
well resolved on polyacrylamide gel. However, in the 
second dimension ele~trophoresis of nucIeosoma1 pro- 
teins a characteristic shift of H2B subfractions could 
be noticed (fig2B,C). Data of fig.2C show that the 
material corresponding to the chromatin fragments 
with the highest mobility in first dimension electro- 
phoresis contains only one H2B subfraction, H2Bl 
(lowest ZM,). This indicates that particles with identical 
H2B subfractions may exist. 
The essential conclusion from these findings is 
that the population of sperm nucleosomes in both sea 
urchin species is obviously heterogeneous. Variable in 
the H2B subfractions are their N-terminal parts as has 
been shown by primary sequence analysis [ 12,131. 
These regions are signi~~antly elongated as compared 
with H2Bs from other sources and represent entirely 
new structural domains which contain variable num- 
bers of repeated basic pentapeptides Pro-Thr-Lys- 
Arg-Ser or Pro-Arg-Lys-Gly-Ser. Such domains 
can be involved in DNA condensation [ 131. 
The character of nucleosome heterogeneity in sea 
urchin sperm chromatin is certainly different from 
that of somatic cells. In the latter, histone variants 
differ by 1-3 amino acid subfractions in hydrophobic 
parts of the molecules which are presumably respon- 
sible for histone-histone interactions in the protein 
core of a nucleosome. In sperm cells variation is 
connected with the N-terminal part of histone H2B, 
which is thought to interact with DNA. 
Earlier we have obtained data indicating that in sea 
urchin sperm chromatin the N-terrni~~ region of his- 
tone H2B can be bound to the linker DNA and, like 
histone Hl , is involved in the formation of the higher 
order structure of sperm chromatin [8]. In this sense 
the heterogeneity of nucleosomes in respect to his- 
tone H2B may result in modulation of the chromatin 
structure at supranucleosomal level. 
The biological meaning of such modulations in 
genetically inactive cells is unclear. It is known that 
the sperm-speci~c histones in sea urchins are com- 
pletely replaced after fertilization by embryonic ones 
[ 141. In this connection the variation in nucleosomal 
structure or modulations in supranucleosomal organi- 
zation may carry epigenetic information necessary to 
provide the correct distribution of embryonic his- 
tones and/or other chromosomal proteins on the 
paternal DNA. 
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